Five adult male volunteers were fed a diet containing (as percent of calories) 16% protein, 40% fat, and 44% carbohydrate, a diet similar to that consumed by many American males. Twenty-six grams of soft white wheat bran or corn bran were added to the daily bread, and the effects on zinc, iron, and copper balance were assessed during the last 12 days of each 30-day study period. The soft \vhite wheat bran appeared to decrease retention of zinc in four subjects but not significantly so. Iron retention was similar in all three treatments. Copper bdance was improved by addition of soft white wheat bran and to a lesser degree by corn bran. An apparent copper requirement of 1.28 mg/day for the volunteers was calculated by regression analysis.
The influence of dietary fiber on the availability of zinc, copper, and iron for intestinal absorption by humans is incompletely defined. Based on limited observations, it appears that people fed diets rich in vegetables and cereals but containing less than 30 g of animal protein per day may have impaired absorption of minerals when their intakes of dietary fiber are increased by consuming bread prepared from high extraction wheat flour (1, 2) . Because the cited studies tested people fed a Middle Eastern diet, the results may have limited application to Americans.
On the other hand, lo\v dietary intakes of zinc (3), copper (4) , and iron (5) have been reported in some Americans, with and without associated clinical evidence of deficiency. For these reasons, and because it has been suggested that increased intakes of dietary fiber might have beneficial effects on the incidence of diverticulosis (6) and might also have a preventive effect on coronary vascular disease (7) and colon cancer (8) , we have studied the effects of increased dietarJ fiber on balances of zinc, copper, and iron.
Materials and methods
Five male volunteers \vho gave informed consent were housed in a controlled metabolic ward environment for 4 to S months. They were norma! by clinica!, nutritivnal, and psychological evaluations. SlUdy periods were 28 to 30 days. After an initial 16-to 18-day equilibration, excreta and d:Jplicate diets were collected for 12 days for chemical assessment of the balance. Throughout the studies, caloric intake, energy expenditure and, hence, body weight were maintained as uniformly as possible. As an index of body composition, triceps, biceps, and subscapular and snprai!iac skinfolds and upper arm circumference were JTleasured weekly for estimation of fatness and muscle mass. The psychological status of the volunteers was as"essed periodically. and a psychologist met with the volunteers both in a group and individually, as needed. At the end of each study period, the nutritional and clinical status of the volunteers "vas reassessed. The reliability of the fmdings was improved by replication of the studies in some individuals.
The basal diet (Table I) daily displayed a negative balance. Zinc retentions of three individuals ingesting 14 to 15.5 mg/day were less than those of four individuals ingesting 10 to 15 mg of zinc while on the basal diet. Thus. wheat bran might have decreased the zinc absorption of four individuals. This apparent effect, however, '.vas not statistically significant.
\Vhcn the subjects were fed the wheat bran., iron balance was negative in three of five ob"crvations, a finding similar to that obs,;rved when the basal diet was fed. In contrast to the obsen:;tions on zinc, the negative iron balances did not occur at a level of iron intake that was higher than that supplied by the basal diet alone.
Copper balance \vas improved when the Whc'llt bran was fed, possibly because the copper intake was increased. The mean diet?.l·y intake of copper when wheat brc..n was fed was J .32 ± 0.13 mg compared with 1. II ± 0.19 mg v,:hen the basal diet was fed' (P < 0.066).
\Vhen com bran was fed, zinc balance was positive in all SLX observations (Fig. 3) . Two observations, when the intake was 12.5 mg and another \vhen the intake was 15 mg, revealed retentions similar to those when subjects consumed the wheat bran and 14 to. 15'.5 mg of zinc. When 12.5 to 16.0 mg of zinc were ingested, retentions for three observations were similar to those when 11 to 16.5 mg of zinc were fed for five observations on the basal diet. Thus it does not appear that 26 g of dry milled corn bran added to daily bread had an adverse effect on zinc retention.
Iron balance of ·he volunteers fed corn bran was sixnilar to that observed on the basal diet or when wheat bran was fed.
The copper balance of the volunteers fed corn bran was negative in four volunteers. The negative balance seemed related to low dietary intake of copper. Copper intake with the com bran diet was 1.12 ± 0.10 mg, a level significantly less (P < 0.05) than the 1.32 ± 0.13 mg intake with the wheat bran diet.
FIBER INFLUENCE ON TRACE ELEMENT BALANCE Sl81 ciatior. of Cere::>.! Chemists (AACC) standard soft white wheat bran or dry milled com bran to the daily bread. Menus were repeated in 6-day cycles. Cellulose and lignin contents of the bran (Table 2 , dry weight basis) were determined by the Holst modification of the Van Soest acid deterge~t method (9) . Starch content of the bran was estimated by taking a portion of 18-to 30-mesh sample, grinding it to pass a 16-mesh screen, and then incubating the material with amyloglucosidase (10). Starch was estimated by measuring glucose generated by the action of the enzyme by a glucostat procedure (II). Protein was measured by amino acid analysis of a separate portion of finely ground bran (12) . Phytic acid, as ferric phytait, w'as extracted and precipitated by the procedure of Wheeler and Ferrel (13) . Phytate phosphorus was measured by wet ashing ferric phytate precipitate with concentrated nitric acid and determining phosphorus by c. colorimetric method in which phosphomolybdic acid was reduced to a blue complex (14) and by gravimetric determination as ammonium phosphomolybdate (15) . The particle size distribution of the bran was controlled by passage through a no. 18 mesh and collection on a no. 30 mesh U.S.A. Standard Sieve (1.00 and 0.59 mm openings, respectively).
Excreta, diets, and blood were collected, using precautions to avoid trace mineral contamination. Six-day composites of diets and feces were prepared by homogenization in a I gallon stainless steel blender. Aliquots of the diet and feces composites were digested with concentrated nitric and 70% perchloric acids by method (II) A of the Analytical Methods Committee (16) . The zinc, copper, and iron contents of the digestates were determined by flame atomic absorption spectrophotometry (AAS) with aqueous calibration standards. Methodological precision and accuracy were evaluated by analysis of pool samples and replicate samples containing added metal. Within-batch precision (coefficient of variation) of replicate diet pool samples averaged 1.5, 4.1, and 3.6%, whereas batch-to-batch precision averaged 2.9, 6.8, and 5.9% for zinc, copper, and iron, respectively. \Vithin-batch precision of the fecal pool samples averaged 0.7. 1.8, and 1.3%, and batch-to-batch precision averaged 2.9, 1.1, and 4.6% for zinc, copper, and iron, respectively. Recoveries of standard metal added to diet and feces replicates, before digestion. averaged 99.1, 96.9, and 97.4% for zinc, copper. and iron in the diet replicates and 98.7. 100.8, and 100.1% for zinc, copper, and iron in the fecal replicates.
Urinary zinc, copper, and iron were measured by direct aspiration of acidified urine into the AAS flame (17) .
Parameters examined included intakes of z.inc. cop-
per, and iron: the amount;, oi metal m feces, unne and sweat: and the balance. Findings from each treatment were compared by the t test for unequal variance (18) . 
Results and discussion
The wheat bran contained substantially more starch and protein, and less than half as much hemicellulose and cellulose as the corn bran. Wheat bran also contained 0.5% phytate phosphorus and less than half the dietary fiber present in corn bran (Table 2) .
Zinc balance was negative in one of nine basal observations (Fig. 1) . Urinary zinc losses were small and apparently were little affected by dietary intake. The subject who displayed a negative balance had an intake of 13 mg/day. Spencer et aL (19) have reported negative zinc balances in men fed mixed hospital diets, containing about 12.5 mg of zinc daily.
Iron balance was negative in three of seven basal observations when the subjects were fed the basal diet. Intake of iron did not appear to influence the balance. Very small amounts of iron were lost in urine.
In seven of nine basal observations, copper balance was negative when the subjects were fed the basal diet. It appears that copper balances were more negative when copper intakes were smallest. Small amounts of copper were excreted in the urine.
The balances when the volunteers were fed soft white wheat bran are shown in Figure 2 . One individual who consumed 13 mg of zinc The improvement of the copper balance with increased copper ingestion made it possible to estimate the copper requirement for adult males by regression (20) . Excluding losses in sweat, the requirement was 1.28 mg/day (r = 0.8, P < 0.001). We are refining our estimate of copper requirement and will report our findings in more detail elsewhere.
Evaluation of the other parameters listed in the methods did not reveal highly significant differences among the means. The lack of significant differences may be attributable to the small number of observations.
The limited observations of this study neither support nor refute the reports of Reinhold et al. (1, 2) that bread prepared from high-extraction wheat flour can impair intestinal absorption of zinc. His observations were made on subjects fed a :Middle Eastern diet, the composition of which was substantially different from the basal diet in the present experiments.
Summary
The addition of about 26 g of AACC standard soft white wheat bran to a constant diet similar to an American "middle-class diet" appeared to decrease the retention of zinc by some male volunteers. In contrast to its effects on zinc, the soft white wheat bran appeared to improve copper balance. Corn bran, on the other hand, had little effect on zinc balance and less effect on copper balance. Iron balance did not appear to be affected by either bran.
By regression analysis, a provisional copper requirement, excluding losses in s\veat, for adult males was calculated as 1.28 illIJ FECES   FIG. 3 . Zinc, iron, and copper intake and excretion patterns of five adult male volunteers fed the basal diet with 26 g of corn bran added to the daily bread.
